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Endogenous Growth and Intellectual Property
Rights"
飯田　善郎H
Yoshio Iida"
We examine how the intellectual property rights have an effect on the growth rate of the
economy. We focus on a role of IPR protection that prevent the free riding. By using a
simple endogenous growth model, we show that the existence of intellectual property rights
essentially brings a high growth rate.
Keywords : Endogenous Growth Model, Intellectual Property Rights, Differential Game Analy-
sis
* The earlier version of this paper was presented at the Decentralization Conference in Japan, Osaka University, Sept., 1996.
* *大阪大学大学院国際公共政策研究科　助手
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nopoly profit. In this case, the IPR protection
I. Introduction seems to be unrelated to the growth. This
model shows that eliminating the possibility of
We examine the role of the intellectual prop-　　　free riding, the IPR protection brings higher
erty rights (IPR) protection in economic incentive to invest even in the case. When the
growth. Though it has been studied whether IPR is not protected, representatives can access
strong protections of intellectual property will the fruit of the other representatives'R&D in-
stimulate or retard the innovation from both of vestments. Hence they may reduce the incen-
empirical and theoretical approach , relatively tive to invest in their production technology.
fewer have mentioned the dynamic process of The IPR protection rules out such a free riding
growth. A recent empirical study by Gould behavior.
and Gruden (1996) clarifies that the intellec-　　　We present a simple dynamic model. The
tual property protection is positively related to structure of our model follows that of the AK
economic growth. A theoretical model ofBarro model. The difference between our model and
and Sala-i-Martin (1995) shows the positive re-　　　the AK model comes forth from the assump-
lationship of intellectual property protection tions that the capital for production in our
and growth. We also show that the IPR protec-　　　model is stock of technology, not the broadly
tion ameliorates the growth rate of the econ-　　defined capital (it includes physical and human
omy as they have proved, but in a different capital) as the AK model supposes. The repre-
way.　　　　　　　　　　　　　　　　　　　　　sentatives are two groups and they produce and
In Barro and Sala-i-Martin's (1995)model,　　consume the goods. They also develop new
the technological improvement with the IPR technology. There exists the diffusion of knowl-
protection is supposed to bring the monopoly edge which informs every group about the
profit to the inventor. In that model, the mo-　　　other group's invention.
nopoly profit affects the motivation for invest-　　　If the IPR is protected, they cannot use the
ments and the economic growth. Insuring the other group's stock of technology without the
monopoly profit is undoubtedly one of the out-　　inventor's permission. We assume that when
comes of the IPR protection, but we pay atten-　　　they use the other group's stock of technology,
tion to another outcome. Likewise Romer's they exchange the license of their invention
(1986) or Benhabib and Rustichini's (1993)　　with the other group's license (cross licensing).
model, we assume that a new invention im-　　　When we investigate the case in which the IPR
proves the representative's productivity. On is not protected, since the diffusion of knowl-
this assumption, the representatives can enjoy edge enables every group to access the other
higher consumption utility when a new tech-　　　group's stock of technology, we regard the
nology is invented. They therefore have an in-　　economy's whole stock of technology as a com-
centive to invest even though there is no mo-　　　mon state variable. Therefore, m such a case
l) See Dasgupta and Stiglitz (1980), Veall (1992) and Deardorff (1991).
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weuseadifferentialgamemodelanalysis.Asmax.
aconclusionofthis
IPRprotectionbring:tudy,weshowthatthe
ahighrate。fgrowth,∫oW岩cfr~e~p'dti--`1-butitneedsthetransactionsofthetechnology,,-,;.,蝣r*whereCtistheconsumptionofeachpeiod,
stockthattheypossess./-^-n.^1.--.?蝣.<.i,.蝣
a(>o)istheelasticityofintertemporalsubsti-
ThoughtheIPRprotectionisimportantfor.,.,,.
tutionandpisthediscountrate.Weassume
thedevelopment,itisalsoasourceofmonop-,,.
thatthereisnonegativeconsumption.
olydistortion.Deardorff(1991)showsthat
whiletheprotectionincreasesthewelfareoftheA.TheeconomywiththeIPRprotection
inventingcountry,itmaydecreasethatofthe--....,,,.,
weinvestigatetwocasesinbothofwhich
othercountry.BarroandSala-i-Martin(1995).
theIPRisprotectedmthissection.Inthefirst
examinetheroleofgovernmenttopreventthe,.,¥,...,
case(caseA-lj,thegroupsenclosetheirstock
distortion.Thoughourmodeldoesnotinclude,,,,,,,.,.,
oftechnologyanddonotsellthelicensesofthe
thedistortion,weshowthattheIPRprotection,.,..,,.-,
technologiesandinthesecondcase(caseA-2J,
maybringalowgrowthrateinthecasethat,,,.,..,,
thegroupstradetheirlicenseswitheachother.
thetechnologytransactionsarenotexecuted.蝣-,.,t一-.
Inthisstudy,weassumestrongIPRprotection
thatensuresperpetualmonopolyrightsfor
II.Themodel-..
theirinventionsヰ).
First,weinvestigatethecaseinwhichthe
supposethattwosymmetricgroups2'have,.,,,.
IPRisprotectedandgroupsnevertradetheir
thestockoftechnologydenotedbyi-1,2and,..,
licenseswitheachother.Inthiscase,the
theirproductionfunctionisy-Ad'.Thecoef-,,...,,.,,-,
modelissimilartotheAKmodel.Thestockof
ficient"A"representsallthefactorsofproduc-,,..
technologyaccumulationconstraintofeach
tionexceptthestockoftechnology.Thecosttogroupis
createanewtypeoftechnologyisfixedat7]
units。fyandthenewtechn。l。gyimpr。vestheat-‡(Adj-c,1)i-l,2.
groupsproductivity.Weassumethatthetech-
nologieswhichareinventedbythedifferentTheresultofmaximizationshows
groupsinaplanningperiodarenotidentical3'c!-((トo)A+pa)d¥i-l,2
andthatthestockoftechnologyinventedbya符
and
groupisalsoeffectivetoimprovetheproduc-
tivityoftheothergroup.Theobjectivefunc-d¥--(号-po)ti-l,2.
tionofthegroupis
2)Wecansupposethegroupsarethecountries,theconstituentsofwhichproduceandconsumethegoods.Wecaneasilyrewrite
thismodelasan-representativesmodel.
3)Theymayinventasametechnologyandearlierinventorgetstherightofit.Forsimplicity,thismodelexcludessuchthecase.
4)WecanmakeamodelwhichincludescasesAandB.Namely,apartoftheprotectedtechnologystockflowsouttocommon
technologyineveryperiodandtherateoftheeffluxisexternallydecided.Inthatmodel,therateofeffluxaffectstheratio
ofprotectedtechnologystockandcommontechnologystockbutthegrowthrateofconsumptionisidenticaltothemodelthat
assumestheperpetualprotection.
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Weassumethatthegrowthrateofthestockofft'(d't)-d¥.Werewritetheaboveequation
technologyispositive.Fortheconsumptiontoas:
bepositive,itisnecessarytoassumew-
tit⊥(2kd¥-c¥)i-l,2.
<S¥-o)A/符+pa)≧0.Theindirectutility
functionis^hemaximizationoftheutilityfunctionunder
theaboveconstraintyields
ur-吉((1-a)号+po)o(魂)豊c¥-((1-ct)笠+pa)d¥i-1,2
i-l,2.and
Nowweinvestigatethecaseinwhichtherf*-d細(坐-pa)ti-l,2.
groupslicensetheirpatentedtechnologieseach叩
other.Supposethatthestockoftechnologyportjjepositiveconsumption,weassumethat
thatisexchangedhasanequalproductivityfor((卜o)2A/ri+po)≧0.Theindirectutility
bothofthegroups.Thus,aslongasthestockfunctionofcaseA-2is
oftechnologyissmallerthanorequaltothe
othergroup'sstock,theupperboundofstockA-2
whichthegroupcanreceivefromthe。ther吉((I-*)笠+poT÷(叩d乙)豊
groupbythecrosslicensingisafunctionofthe1-1,2.
group'sownstock5'.Westudythecasethat
thegroupstradethelicensesattheirupperB.TheeconomywithnoIPRprotection
bound6'.sincethetechnologyisatypeofInthissectionweinvestigatethecasethat
knowledgeandithasanonrivalcharacter,pro-theIPRisnotprotectedandthatthedimision
vidingthelicensedoesnotreducethepro-0fknowledgeenablesthegroupstousethe
vider'sstockoftechnology.Theconstraintforothergroup'sknowledgewithoutanycostsor
theeachgroupislags(caseB).BecauseofnoIPRprotection
andthediffusionofknowledge,theycanuse
d',-jlA(-id))トtheentirestockoftechnologythatexistsinthe
c'
t-¥i-l,2.economy.Theinventionofeachgroupisde-
scribedas:
whereft'{d¥)isthestockoftechnologyth
thegroupreceivesbycrosslicensing.Becau:d¥--UD-c¥)i-l,2,
oftheassumptionthatthegroupsaresymmet-
ricandthatthestockoftechnologytheyex-where,Dt-dt+d¥.Inthiscase,thestate
changedprovidesequalrateofproductivityim-variablefortheeachgroupisD,andweregard
provementtothedonorandtherecipient,letitasacommonstatevariable.Thus,
lllllllllllllll!
5)Howaboutthecasewheretheotherone'sstockofthetechbologyissmallerthantheone'sstock?Whetherthedevelopedgroup
neglectorusetheotherone'sstockoftecnology,aslongastheytransacttehirtechnologywitheachother,thefollowinggroup
willcatchuptotheleadinggroup.Theequalityofthegroupswillhencebeattainedinthelongran.
6)AppendixAshowsthereasonofthisassumption.
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straintfortheeachgroupisHerewewillcomparetheabove3cases.The
orderofthegrowthratesofthecasesis
A-d)+d>
--[(ADt-ci)+(ADt-c?)]Ga-9-≧GB≧GA-,
玩
-‡(2ADt-c'
t-c]t)組T:二霊)1S
i。n慧Dwthrateofthegroup's
。fknowledge。fcase
i-1,2i・=].(.*)・Whentheinitialconditionsofthesecases
Thisisthecasethatthegroupsmayhavetheareidentical,thegroup'swelfarelevelsofthe
temptationoffreeriding.Becauseofthelackcasesfollowtheaboveorder(seeAPP^dixC).
oftheIPRprotection,everygrouphasthelftheyenclosetheirstockoftechnologyanddo
chancetousethestockoftechnologythatthenotexchangetheirlicenses,thecodificationof
otheroneinvented.BothofthemmayhencetheIPRbnnsslow8rowthrateandtherateis
suspecttheotherone'swilltoinvestinthein一触IortotherateofthenoIPRprotection
novation.Toinvestigatethissortofmodel,weeconomy.Therefore,theauthoritiesofthe
useadifferentialgamemodelanalysis.Thedif-economygroupshavetopayattentiontothe
ficultyofthedifferentialgamesisthattheun-conditionofthetechnologytransactionbe-
knownstrategyoftheotherplayerisinvolvedtweenthesroups-
mtheone'soptimizationproblem.Following
theTornellandVelasco's(1992)model,wefo-n・Thecaseofasymmetricinitialendow-
cusontheequilibriumintheMarkovianstrat-ments
egyandassumethatthebestresponsedepends
linearlyonthecurrentvalueofthestatevari-Asmentionedabove,thecodificationofIPR
able,c¥-αDt.Theoptimizationoftheprob-andthetechnologytransactionbringhigher
lemgivesfollowingequations(seeAppendixSrowthrateandincreasedwelfarewhenthe
g)groupsaresymmetric.Inthissection,weshow
c-生等翌-thatagroupwhichhasverysmallini
Dt1-1.2d。wmentsincomparisont。the。ther芸芸
Dt-D。exp2(号IP'荒endowmentsmaynotprefer
i-1サ2theIPR.Weinvestigatethe窓codificationof
thattheinitialWe ssumethatendowmentsoftechnologystockofgroup2are
((トo)2A/v+po)/(2-0)≧0smallerthanthatofgroup1.Theresultofthe
TheindirectutilityfunctionofthiscaseisinvestigationshowswhatkindofIPRinstitu-
tiontheinferiorgrouppreferswhenabarrier
u?-芸((l-o)2A/n+po,-
K2-ct}÷(vD。)豊which
devel。芸isolatedth
gr。upf。r慧霊oupfromthe
,political。r
i-l,2.geographical)reasonsdisappears.Supposing
thatd去>dianddl/d昌-m,wecanrewrite
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theindirectutilityfunctionsofcaseA-2andferit.Suchgroupsmayopposethecodifica-
caseBas:tionoftheIPR.Actually,Helpman(1993)
ut2-菩[(1-e0号--1-0-I
+ap-¥o[Tpndo-¥e霊GouldandGruden(1996)pointoutthat
y。fthedevelopingcountrieshave
ancjtraditionallyofferedshorterperiodsofprotec-
uf-岩[雪空判[y(l+m)d汗tionforpatentst
tries,andthatin霊慧thede
tr。umニelo
。f霊:eI
gotiations,developingcountriescriticizethe
Whenm-l,theconditionsareidenticaltoTT>T>
factthattightIPRprotectionsstrengthenthe
thatofthesection2andUPislargerthanUぎmonopolypowerofforeigndevelopedcoun-
whenm<landthefollowinginequalityistries.
satisfied,theorderoftheutilityfunctionswill--,-x....,,.,
TheIPRprotectionisincreasinglyrealized
asafundamentalconditionofthehigh-levelin-
1m<(2-ct)訂novationandgrowth.Thereasonisnotonly
卜(2-ct)よthatitensuresthemonopolyprofit,butthatit
-T1,・・-,..no/rulesoutthepossibilityoffreeriding.
Namely,wheninitialendowmentsofgroup2(r
・2¥-rr一・^ill・蝣*4-u*Thoughourstudyisverypartialandlgnor-
dlJissufficientlysmallmcomparisontothat
ofgroup1(d¥),theIPRprotectionisnotlngmanyaSpeC也ofthepatentnghrs,itmay
-A,,r,,rT,,.,.,helptoexaminetheissuesofsuchthefreend-
profitableforthegroup2.Thisresultshows
thatthegroupthatpossessesasmallamountof
stockoftechnologydoesnotwantthecodinca-
tionoftheIPRprotection.Appendix
A.Thedecisionofthelicensetrade
---,.Whentheytradeapartoftheirstock,we
IV.Conclusion}y
canrewritetheconstraintas
By鵬ingasimpledynamicmodel,weinv朗d)--UCdit+fli(M域))-c,'],
tigatetheroleoftheIPRpro
no-icgrowth.Weshowthatt
ti。nimpr。vesthegr。wthrate≡nmeC--wheretfW)-g'd'
,andgl<1
'Rprotec-efficientg'presentstheratioofthetra
thetech-t。thewh。Iest。ckandgr。upscanc。n薫菜
nolo ytransactioniss淵cientlyexecuted.thiscase,wecanrewritetheindirectutility
Therefore,forthehigh-rateofeconomicfunctionofcaseA-2as
growth,authoritiesofthecountryhavetoup-TJA^-
h。IdtheIPRpr。tecti。nandt。getrid。fthe'盈((-の碧+poy÷(め号・
factorsthatdisturbthetechnologytransaction.Becausetheutilityfunctionisassumedtobe
ThoughtheIPRprotectionbringshigherpositive,onecan枇thatdUf~Vdgl>o
growthrate,groupsthathaveinferiorinitialHencewhentheychoosethelevelofgg-1
endowmentofstockoftechnologymaynotpre-isafeasiblechoice.
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B.NoIPRpro
Thepr。blem霊economyf/.x-,-[/.B-
sectionis芸[。1-a)普+po)T÷"弧`Jo-芸cti豊[7?d;]~s~[i
dtFr。mtheassumpti。二:f'慧e∽叩
s.t.D,-‡(2ADt一,蝣-jntionandd¥>0,thefirstandsecondbrackets
arepositive.Thus,thesign。fthisresidualde-
As
bestr芸:n霊霊apter2,we
linearly。n芸霊pendsonthefirstter-(a/(a
t-1))-dthird
brackets.
valueofthestatevariable.Thus,weassume
Ifa>1,thefirsttermispositive.From
hatc,-aDtandthegroupsaresymmetric.
theassumptionofpositiveconsumptionofcase
Thehamiltomanofgroup1is
B,weget1<a<2.Toinvestigatethesign
H-岩c¥~¢t‡(2AD,-aDt)蝣ofthethirdbrackets,wedefinefollowingfunc-
Thefirstorderconditionsare
♭lC圭‡¢s(o)-1-2。竿)÷
Sincethefunctionsatisfies
・2¢l-娩-¢L‡(2A-α)Uミ(*)-1
and
andT.V.C..
Fromc¥=αD,andb-1,we。btain霊1--(豊)÷<.,
・㍗-昔ニー轄thefunctioniss-
thethirdbrackets芸erthan1andthe
p。sitive.Because霊
Combiningthiswiththefactorconstraints,b-2termandthethirdbracketsarepositiv6jthere-
andb-3,weobtainsidualoftheutilities(c-i)ispositive.
・2A(l-o)/r}+po
2-ctりIfa
ab。ve霊,theresidualispositivebecausethe
mentshowsthatthefirsttermand
Ther fore,thethirdbracke sarebothn gative.
・-2A(l-o)/V+po
Ct2-aVD'In芸7孟1,the
enthe霊慧ction
their諾霊
Fortheutilityindextobebounded,weassumetionsis
that(2A(l-o')+po7i)/(2-0)>0.uf~-uサ-響+竿,
C.Theorderoftheindirectutilityfunction
Atfirst,wecomparetheindirectutility-{岨+繁旦)
pp
functionofcaseBandcaseA-2.Theresidual
oflthe-is-(」n‡+l)/p>0
andweseethatitispositive.
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ThustheindirectutilityofcaseA-2islargerIfl<a,similarexplanationsshowthatc-1
thanthatofcaseBfromthisequation.ispositiveandtheindirectutilityofcaseBis
largerthanthatofcaseA-l.
Second,weinvestigatetheresidualofthein-Ifa-1,weseethatitispositivebyrewnt-
directutilityofthecaseBandcaseA-l.ingtheresidualasfollows;
c-2utB-u,A→-(幽+墾!筈旦)
紺:aA¥-o)2A/ri+po2yアー2
a-II-a
[(1-ct)-+pa)]-T}[^]-271養+養,
'/
Thefirsttermandthefirstbracesdecidethe={」n2+(A-1)}/p>0.
77P
signofthe
Ifa>1霊山k岬tiveifthefirst慧theutilityof
-1.-Bislar紳nthatof
termofthebracesislargerthanthese∞nd
termofit.
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